Research on the role of oxytocin and other neuropeptides in vertebrate social behavior provides a quintessential example of integrative biology -spanning species, scientific disciplines, and levels of analysis to address mechanisms of behavior. Oxytocin is involved in a wide variety of processes related to social behavior, including social recognition, affiliation, and maternal behavior. While there is a great deal of well-placed emphasis on the prosocial effects of oxytocin, antisocial effects related to decreased or deterred social interaction have also been documented. Studies from the human literature reveal increased outgroup discrimination and reduced affiliative behavior in certain individuals following oxytocin administration. Animal studies shed further light on the role of oxytocin in fear conditioning, stranger avoidance, and aggression. In some cases, prosocial behavior toward one individual or group may come at the expense of prosociality toward another. From this growing literature we learn that the antisocial effects of oxytocin are an integral aspect of its effects on social behavior.
Introduction
The role of oxytocin (OT) in social processes ranging from maternal behavior to mate affiliation is well established, leading to its popular designation as the 'love' or 'cuddle' hormone. There is growing appreciation, however, that OT also plays a role in a different side of social behavior [1] [2] [3] [4] [5] [6] [7] [8] : in animals, OT has been associated with aggression, social selectivity, and fear. In humans, OT has been linked to dishonesty, ethnocentrism, social stress, envy, and reduced cooperation, among other outcomes (Table 1) . These antisocial behaviors and emotions -characterized by avoidance, aggression, or reduced prosocial behavior -are nonetheless important features of the behavioral repertoires of social individuals.
Oxytocin is a 9-amino-acid peptide hormone that acts in the brain and in the periphery. In mammals, these peripheral functions include muscle contractions related to reproduction, such as orgasm, milk ejection for lactation, and uterine contractions leading to birth [9] . Astonishingly, oxytocin and related nonapeptides play a role in reproductive functions across the animal kingdom [10, 11] , for example: modulating ejaculation and egg deposition in snails, movements characteristic of mating in leeches, and sex-specific mating behaviors in the roundworm Caenorhabditis elegans [12] [13] [14] . These reproduction-related functions of oxytocin and related peptides evolutionarily preceded their roles in the central regulation of complex behaviors [15] , many of which also relate to reproduction, including maternal behavior and formation of mating partnerships. Despite the remarkable consistency with which oxytocin-like peptides play important roles in reproductive and social functions across the animal kingdom, it is important to note that oxytocin has a host of additional effects, including regulation of heart rate and blood pressure, motor activity, water balance, pain sensitivity, and opiate tolerance. Behaviorally, OT also contributes to stress and anxiety-related behaviors, feeding, grooming, and learning and memory [9] . Thus oxytocin cannot be defined by any one of its functions [16] .
With this diversity of roles in mind, we should adopt a multidimensional view of oxytocin [2, 5] , including behaviors traditionally considered to be within the antisocial realm of social behavior. Here I present the body of research findings on antisocial effects of oxytocin to date. These antisocial effects of oxytocin are often complementary to prosocial effects, occurring in the same individuals, and triggered by the same events.
The human literature on antisocial effects of oxytocin has been reviewed elsewhere [2] [3] [4] 7] , and is synthesized in Table 1 . Many of these studies indicate that prosocial and antisocial effects of oxytocin vary with individual and social context. This review surveys the complexity of studying oxytocin and social behavior in humans and other animals, with an emphasis on the roles of oxytocin in decreased social contact, aggression, and fear in nonhuman mammals.
Complexity of studying social behavior
Scientists often refer to the neurobiology of social behavior as if it were a single process, but social behaviors are www.sciencedirect.com
